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GAVHS  POUT  UAH  -  LEWIS  AHD  CLARK.  LAKE 
NEBRASKA  AHD  SOUTH  DAKOTA 


EMBANKMENT  CRITERIA  AHD  PERFORMANCE  REPOST 
1.  IHTHODUCTIOH.  . 

1.1  Purpose  and  Scope  of  Report.  ~  This  report  provides  a  summary 
record  of  significant  design,  construction,  and  operational  data  on  the 
Gavins  Point  Dam  embankment.  \  It  was  prepared  in  accordance  with  ER 
1110-2-1901,  "Embankment  Criteria  and  Performance  Report,"  dated  31  December 
1981  and  is  for  use  by  engineers  to  familiarize  themselves  with  the  project, 
re-evaluate  the  embankment  when  needed,  and  for  guidance  in  designing  compar¬ 
able  future  projects. 

The  report  presents  a  general  description  of  the  foundation  conditions, 
the  type  of  material  and  placement  methods  of  the  various  sections  of  the 
embankment,  the  design  considerations  on  stability  and  seepage  control, 
instruasatation,  significant  operational  events,  and  an  evaluation  of  the 
condition  of  the  embankment.  Pertinent  drawings,  design  data,  charts,  and 
photos  are  included.  A  more  detailed  description  of  the  foundation  condi¬ 
tions  is  contained  ^»^;he  Construction  Foundation  Report  prepared  in  1980. 

1.2  Brief  Description  and  Purpose  of  Project.  The  Gavins  Point  Dam- 
Lewis  and  Clark  Lake  Project  is  one  of  six  multi-purpose  dam  projects  on  the 
Missouri  River  for  flood  control,  irrigation,  navigation,  power,  and  recrea¬ 
tional  purposes.  The  project  is  operated  and  maintained  by  the  U.S.  Army 
Corps  of  Engineers,  Omaha  District.  The  primary  purpose  of  the  reservoir  is 
to  provide  regulation  of  flows  below  Fort  Randall  Dam  which  is  located  approx¬ 
imately  69  miles  upstream  of  Gavins  Point  Dam.  Gavins  Point  Dam  is  the 
farthest  downstream  of  the  main  stem  dams  and,  as  shown  on  the  location  map 
on  Plate  A-l,  is  located  about  4  miles  west  of  Yankton,  South  Dakota,  and 
about  9  miles  north  of  Crofton,  Nebraska.  It  is  811.1  river  miles  (1960 
adjustment)  above  the  mouth  of  the  Missouri  River.  The  river  is  the  boundary 
between  South  Dakota  and  Nebraska  at  the  damslte. 
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The  project  consists  of  an  earth  embankment,  a  gated  concrete  spillway, 
and  a  hydro-electric  power  generating  plant.  The  embankment  is  about  75  feet 
high  above  the  streambed  and  extends  about  8,700  feet  from  the  left  abutment 
to  the  spillway  structure  near  the  right  abutment.  A  plan  and  typical 
sections  of  the  project  structures  are  shown  on  Plate  A-2. 

1.3  Authorisation  of  Dam  Project.  The  Gavins  Point  Dam  and  Reservoir 
project  was  authorized  by  the  Flood  Control  Act,  approved  22  December  1944 
(Public  Law  534,  78th  Congress,  2nd  Session). 

1.4  Design  and  Construction  of  Project.  The  project  was  designed  by 
the  U.  S.  Army  Corps  of  Engineers,  Omaha  District.  Members  of  the  Board  of 
Consultants  were  Dr.  Arthur  Casagrande,  Mr.  L.  F.  Harza,  Mr.  S.  0.  Harper, 

Mr.  W.  H.  McAlpine,  and  BG  Hans  Kramer,  U.S.A.  (Retired). 

The  embankment  was  constructed  in  two  stages.  Earthwork  Stage  1  (Con¬ 
tract  No.  DA-25-066-ENG-1603)  and  Powerhouse  Substructure,  Spillway,  and 
Earthwork  Stage  II  (Contract  No.  DA-25-066-ENG-2409) .  The  first  stage  was  | 

awarded  in  April  1952  to  List  and  Clark  Construction  Co.  and  was  completed  in 
December  1952.  The  second  stage  was  awarded  in  March  1953  to  Western, 

Ma8sman,  and  Jones,  a  joint  venture  of  Western  Construction  Co. ,  Massman  Con¬ 
struction  Co.,  and  J.  A.  Jones  Construction  Co.  The  river  closure  was  made 
on  31  July  1955  and  the  embankment  was  essentially  completed  by  November 
1955.  The  embankment  pressure  relief  well  system  was  installed  by  Layne- 
Western  Company  in  1955  under  Contract  No.  DA-25-066-ENG-3137.  The  power¬ 
house  superstructure  contract  was  awarded  in  September  1954  to  Foley  Brothers 
and  Donovan  Construction  Company.  All  of  the  contracts  were  administered  by 
the  Corps  of  Engineers,  Omaha  District.  Field  supervision  was  by  personnel 
of  the  Gavins  Point  Area  Office  which  was  located  in  Yankton,  South  Dakota. 

1.5  Slgmlf learn t  Operational  Inati.  The  reservoir  is  normally  main¬ 
tained  at  about  El.  1208  feet,  except  in  the  spring  when  it  is  lowered  to 
about  El.  1204  feet  in  preparation  for  storage  of  snow  melt  and  storm  runoff. 

E^nts  that  have  caused  some  concern  and  required  remedial  action  are  briefly 

described  below.  j 
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1.5.1  Initial  Reservoir  Filling.  The  reservoir  began  forming 
with  the  closure  of  the  embankment  on  31  July  1955  and  reached  the  operating 
level  of  El.  1204.5  feet,  mean  sea  level,  in  February  1956.  On  27  January 
1956,  operation  of  the  spillway  gates  was  shifted  from  gates  1,  2,  and  3  to 
gates  7  and  8.  This  resulted  in  an  immediate  flow  increase  from  the  spillway 
gallery  drains  from  less  than  5  gpm  to  about  15  gpm.  The  flow  continued  to 
increase  to  a  maximum  of  170  gmn  by  23  March  1956  even  as  the  reservoir  was 
being  lowered.  The  flow  was  from  the  central  part  of  the  spillway  through 
the  12-inch  half-round  CMP  drain  located  at  the  base  of  the  weir  beneath  the 
gallery.  The  reservoir  was  lowered  to  about  El.  1189  feet  by  mid-April  1956. 
The  drain  flow  rate  gradually  decreased  to  less  than  5  gpm  in  August  1956. 
The  reservoir  was  raised  to  normal  operating  levels  during  June  and  July 
1956.  Except  for  a  temporary  increase  to  about  18  gpm  in  1957,  the  flow  rate 
has  since  remained  between  5  and  10  gpm.  The  drain  flow  increase  was 
attributed  to  leakage  through  the  spillway  contraction  joints  which  opened 
slightly  during  the  wiater. 

1.5.2  Downstream  Seepage.  Shortly  after  the  dam  was  con¬ 
structed,  relief  well  discharges  and  foundation  seepage  downstream  of  the 
wells  resulted  in  unsightly  surface  conditions.  This  problem  was  corrected 
In  1957  by  placing  a  gravel  blanket  over  the  wet  area  and  by  extending  the 
outlet  ends  of  the  well  discharge  pipes. 

In  November  1968,  a  6-inch  diameter  seepage  boil  was  noted  In  the  dis¬ 
charge  ditch  approximately  25  feet  from  the  discharge  pipe  of  relief  well 
No.  36.  This  condition  was  not  considered  critical,  but  was  kept  under 
observation.  In  April  1969,  It  was  reported  as  being  more  active  and  was 
corrected  in  May  1969  by  excavating  the  area  and  backfilling  with  15  cubic 
yards  of  clean,  well-graded  gravel.  During  this  operation,  uplift  pressures 
were  controlled  by  pumping  the  adjacent  wells. 

1.5.3  Ppatream  germ  K  roe  ion.  Riprap  was  placed  in  1973  along 
the  wave  erosion  scarp  which  extended  over  almost  the  entire  length  of  tbe 
upstream  chalk  berm  and  which  steadily  advanced  toward  the  main  embankment. 
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1.6  Reference  Project  Publications.  Detailed  information  on  the  con¬ 
structed  dam  foundation,  evaluation  of  relief  wells,  project  maintenance,  and 
periodic  inspections  are  included  in  the  following  Omaha  district  manual  md 


reports : 

a.  Construction  Foundation  Report  (1980). 

b.  Relief  Well  and  Underseepage  Report  (1963). 

c.  Operation  and  Maintenance  Manual. 

d.  Periodic  Inspection  Reports  Nos.  1,  2,  3  and  4,  the  latest  of  which 
is  dated  May  1981. 

2.  GEOLOGY. 

2.1  General ■  Phys iographical ly  the  location  of  Gavins  Point  Dam  is  in 
the  central  lowland  Province.  The  Missouri  River  divides  the  area  into  the 
Western  Young  Drift  section  in  South  Dakota  and  the  Dissected  Till  Plains  sec¬ 
tion  in  Nebraska.  The  present  course  of  the  Missouri  River  represents  the 
river's  adjustment  to  flow  along  the  edge  of  the  farthest  southward  advance 
of  the  Wisconsin  ice  sheet.  The  characteristic  features  of  the  physiographic 
divisions  resulted  from  glaciation  of  different  periods.  In  the  Dissected 
Till  Plains  to  the  south,  pre-glacial  features  were  completely  buried  as  a 
result  of  the  advance  of  the  Kansan  ice  sheet.  The  resulting  flat,  glacial 
till  plain  is  subraature  to  mature  in  its  erosion  cycle,  and  has  a  relief 
between  100  to  300  feet.  A  mantle  of  loess  measuring  a  few  feet  thick 
overlies  the  till.  To  the  north  lies  the  Western  Young  Drift  section.  This 
till  has  the  characteristic  distinguishing  features  of  young  glacial  drift 
(Wisconsin)  such  as  immature  drainage  and  marginal  moraines. 

The  strata  in  the  general  region  of  the  dam  site  are  essentially  flat- 
lying.  The  exposed  foundations  are  Cretaceous  sedimentary  beds,  which  dip 
gently  towards  the  west.  Niobrara  chalk  is  the  most  prominent  Cretaceous 
formation,  varying  in  thickness  from  165  to  185  feet.  It  commonly  forms 
prominent  cliffs  along  the  river  for  some  190  miles  from  the  Gavins  Point  Dam 
site  near  Yankton,  South  Dakota,  to  the  vicinity  of  Big  Bend  Dam  near  Fort 
Thompson,  South  Dakota.  Pierre  shale  overlies  Niobrara  chalk,  rising  above 
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the  chalk  cliffs  as  grass  covered  slopes.  At  the  dam  site  the  Niobrara  chalk 
is  overlain  by  Pierre  shale  only  on  the  high  knolls  above  and  beyond  the  left 
abutment.  Pleistocene  glacial  deposits  cover  the  surface  on  both  sides  of 
the  river.  Most  of  the  large  valleys  of  this  region  contain  alluvial 
deposits  which  are  regarded  as  recent  or  post  glacial  age. 

The  width  of  the  Missouri  River  valley  at  the  dam  site  is  approximately 
8,000  feet.  Prior  to  construction  of  the  dcm,  the  river  course  was  divided 
into  two  main  channels  and  several  small  chutes  by  an  island  formed  of  allu¬ 
vial  material.  This  island  was  approximately  9,000  feet  long  and  6,000  feet 
wide  and  was  built  up  to  a  maximum  elevation  of  1178  feet,  about  9  feet  above 
the  normal  river  stage.  The  main  channel  was  approximately  700  feet  wide  and 
was  located  along  the  left  side  of  the  valley.  The  channel  along  the  right 
side  of  the  valley  was  relatively  narrow  and  averaged  about  200  feet  in 
width.  At  the  right  abutment,  the  ground  rises  abruptly  from  the  base  of  the 
bluff  to  about  SI.  1270  feet,  from  where  it  gradually  slopes  to  an  elevation 
of  about  1300  feet.  Niobrara  chalk  is  exposed  along  the  bluff.  The  bank 
line  on  the  left  side  of  the  river  is  approximately  at  El.  1190  feet.  From 
the  bank  line  to  a  distance  of  about  2,000  feet,  the  ground  surface  gradually 
rises  to  El.  1300  feet,  then  becomes  much  steeper. 

2.2  Subsurface  Explorations .  From  August  1948  to  the  beginning  of  the 
Earthwork  Stage  I  construction  in  April  1952,  more  than  250  6-inch  diameter 
holes  were  drilled  at  and  in  the  vicinity  of  the  dam  site.  Twenty-two  seis¬ 
mic  lines  were  "shot"  and  29  auger  holes  were  drilled  to  supplement  the  data 
from  the  core  borings  to  determine  the  configuration  of  the  top  of  bedrock. 
About  50  additional  boles  were  drilled  prior  to  awarding  of  the  Earthwork 
Stage  II  contract  in  March  1953.  The  locations  of  about  230  of  the  borings 
drilled  up  to  the  Stage  II  contract  are  shown  on  Plates  A-8  and  A-9  and  the 
boring  logs  are  presented  on  Plates  A- 10  through  A-17.  As  shown  on  Plates 
A-8  and  A-9,  a  large  number  of  the  holes  were  drilled  slightly  downstream  of 
the  dam  axis  in  the  originally  proposed  dam  location.  The  present  location 
was  selected  after  borings  revealed  a  wide  bedrock  shelf  for  the  spillway 
structure  foundation  about  600  feet  upstream  of  the  original  site.  Prior  to 
construction  of  the  project,  the  bedrock  was  mapped  from  data  obtained  from 


borings  and  from  observation  of  the  exposed  natural  bluffs.  During  construc¬ 
tion  of  Earthwork  Stages  I  and  It,  the  bedrock  conditions  were  evaluated  by 
drilling  additional  holes  and  by  observing  excavations  as  they  were  being 
made  for  the  powerhouse  and  spillway  structures.  Water  pressure  tests  in 
drill  holes  were  also  performed  during  construction  to  evaluate  the  tightness 
of  the  bedrock.  A  geologic  profile  along  the  centerline  of  the  dam  is  shown 
on  Plate  A-6.  Details  of  the  foundation  investigation,  bedrock  mapping, 
pressure  testing,  and  grouting  of  the  bedrock  in  the  vicinity  of  the  power¬ 
house  and  spillway  are  presented  in  the  referenced  "Construction  Foundation 
Report  (1980)." 

2.3  Bedrock. 


2.3.1  General ■  Niobrara  chalk  and  Carlile  shale  of  the  Colorado 
group.  Middle  Cretaceous  in  age,  comprise  the  bedrock  at  the  dam  site. 
Niobrara  chalk  overlies  Carlile  shale  and  the  contact  between  these  two  was 
encountered  in  many  bore  holes.  Niobrara  chalk  is  exposed  in  most  of  the 
bluffs  on  both  sides  of  the  river,  whereas  Carlile  shale  occupies  the  valley 
bottom.  The  elevation  of  this  contact  varies  between  1120  and  1150  feet,  but 
is  mostly  around  1140  feet  along  the  alinement  of  the  dam  axis  and  the  sur¬ 
rounding  areas.  The  entire  reservoir  area  in  general  is  situated  in  Niobrara 
chalk  and  Carlile  shale.  Niobrara  chalk  is  quite  impervious  and  does  not 
tend  to  develop  any  solution  channels.  The  seepage  out  of  the  reservoir  was 
expected  to  be  at  a  minimum. 

2.3.2  Physical  Characteristics  and  Strength  of  Bedrock.  The 

overburden  and  bedrock  materials  found  at  Gavins  Point  Dam  were  very  similar 
to  those  at  Fort  Randall  Dam  which  had  been  extensively  tested.  Conse¬ 
quently,  the  testing  program  for  the  Gavins  Point  project  was  primarily  for 
identification  and  correlation  purposes.  More  emphasis  was  given  to  the 
Carlile  shale  formation  as  it  was  the  weaker  bedrock  material  and  was  to  be 
the  foundation  for  the  concrete  structures. 


2. 3. 2.1  Miobrsrs  Chalk.  Niobrara  chalk  generally  occurs 
in  beds  ranging  from  6  inches  to  3  feet  in  thickness.  At  the  daosite,  there 


is  a  well  developed  box  work,  of  gypsum-filled  joint  planes  cutting  the  forma¬ 
tion  in  several  directions.  Some  minor  faults  were  observed  during  excava¬ 
tions.  In  general,  the  chalk  is  homogeneous  and  blocky.  There  are  several 
beds  of  buff,  gray  and  purple  colored  bentonite  interbedded  in  the  chalk. 
None  of  the  bentonite  beds  observed  exceeded  two  inches  in  thickness.  The 
bentonite  beds  are  most  numerous  at  the  base  and  again  near  the  top  of  the 
formation.  There  are  no  records  of  any  solution  passages  or  water-bearing 
cavities  ever  having  been  found  in  the  chalk  in  this  region.  The  chalk  has 
40  percent  porosity,  but  low  permeability  due  to  its  fine  grained  nature. 
Its  dry  weight  varies  from  about  80  to  115  pounds  per  cubic  foot.  No 
solution  action  was  observed,  but  considerable  weathering  occurs  in  winter 
and  spring  because  of  cyclical  freezing  and  thawing.  Unconfined  compression 
tests  were  made  on  32  chalk  samples  from  the  Gavins  Point  dam  site.  The 
results  showed  an  average  breaking  strength  of  750  psi  with  the  load  applied 
normal  to  the  bedding  plane.  Three  tests  showed  strength  below  500  psi  and 
three  tests  were  above  1200  psi.  Stress  applied  lateral  to  the  bedding  plane 
showed  strengths  approximately  60  percent  of  those  obtained  from  the  normally 
loaded  tests. 


2. 3. 2. 2  Carlile  Shale.  There  are  three  members  in  the 
Carlile  shale.  The  topmost  is  Codell  sandstone,  followed  by  the  Blue  Hill 
shale  below,  with  Fairport  shale  at  the  bottom.  The  Codell  sandstone  phase 
of  the  Carlile  shale  has  not  been  encountered  in  the  vicinity  of  the  dam 
site.  The  Blue  Hill  member  is  approximately  120  feet  thick  and  consists  of 
dark  gray  to  black  argillaceous  shale.  The  Fairport  shale  member  underlies 
the  Blue  Hill  member  and  is  about  60  feet  thick.  This  member  is  a  black 
calcareous  shale,  interspersed  with  thin  limy  layers  and  microfossils. 
Carlile  shale  is  very  fine  grained  and  generally  waxy  in  appearance  and  feel. 
Except  for  a  5-  to  10-foot  thick  well-cemented  sandy  phase  at  the  top  of  the 
formation,  Carlile  shale  is  a  compaction  type  sediment  which  has  undergone 
little  or  no  cementation  and  is  free  from  bentonite  beds  and  has  a  uniform 
texture  and  firmness  throughout.  The  shale  is  thin  bedded  in  the  lower 
portions,  where  it  is  argillaceous  and  calcareous.  It  is  impermeable  and 
groundwater  has  little  effect  on  it.  The  sandy  phase  in  the  upper  portions 
is  well-cemented  and  indicates  little  permeability.  This  sandy  stratum  has  a 
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bearing  strength  greater  than  that  of  average  Carllle  shale  and  is  chemically 
insoluble  by  ground  water.  This  sandy  zone  is  referred  to  as  the  "sandy 
phase"  in  the  design  reports  and  drawings.  The  argillaceous  Blue  Hill  shale 
member  is  fine-grained  and  is  referred  to  as  the  "clay  phase"  of  the  Carlile 
formation.  '.tterberg  tests  on  the  clay  phase  of  the  Carlile  indicate  that 
the  material  generally  has  a  liquid  limit  of  about  54  and  a  plasticity  index 
of  about  32.  Tests  on  146  6-inch  core  samples  of  the  clay  phase  material 
showed  an  average  in-place  density  of  137  pounds  per  cubic  foot,  with  a  dry 
density  of  118  pounds  per  cubic  foot  and  a  moisture  content  of  16  percent. 
Unconfined  compression  tests  on  133  clay  phase  samples  showed  an  average 
breaking  strength  of  240  pounds  per  square  inch.  Results  of  direct  shear  and 
triaxial  shear  tests  on  the  clay  phase  material  were  used  to  select  the 
foundation  design  shear  strength  values  of  tan  0  =  0.3  and  cohesion  =  0.2 
tons  per  square  foot. 

2.4  Overburden.  The  overburden  materials  are  composed  of  glacial 
deposits  on  both  sides  of  the  valley  and  primarily  alluvial  deposits  in  the 
river  valley.  The  glacial  deposits  are  heterogeneous  mixtures  of  silt,  clay, 
sand,  and  gravel  with  numerous  boulders  dispersed  in  them.  Small  lenses  of 
sand  and  gravel  are  found  in  the  general  mixture  of  glacial  drift  on  the 
right  abutment.  The  thickness  of  these  glacial  deposits  varies  between  0  and 
20  feet  in  the  vicinity  of  the  dam  site.  The  river  valley  deposits  are 
chiefly  composed  of  fine  to  coarse  sand  with  some  layers  containing  gravel, 
silt,  and  clay.  Information  from  borings  indicate  that  downward  cutting  and 
later  filling  extends  to  depths  of  about  150  ieet  below  river  level.  A 
geologic  profile  along  the  axis  of  the  dam  is  shown  on  Plate  A-6.  A  profile 
developed  from  borings  along  the  toe  of  the  embankment  is  shown  on  Plate  A-7. 
The  embankment  is  founded  on  the  valley  alluvium  overlying  the  Carlile  shale 
bedrock.  The  depth  of  the  alluvial  deposit  varies  from  about  35  feet  near 
the  spillway  structure  to  about  150  feet  beneath  the  central  portion  of  the 
embankment.  The  overburden  beneath  the  north  end  of  the  embankment  generally 
varies  from  about  45  to  60  feet  In  the  embankment  closure  area  to  about  90 
feet  in  the  left  bank  area.  The  upper  20  to  40  feet  of  the  left  bank 
overburden  is  composed  of  clays.  Except  for  the  exposed  alluvial  sands  in 
the  river  channels,  the  valley  alluvium  is  covered  with  a  thin  relatively 
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impervious  blanket  of  silts,  sandy  silts,  and  clays.  A  design  shear  strength 
of  Tan  0  =  0.6,  cohesion  =  0  was  assumed  for  the  alluvial  material  (see  Plate 
A-25) . 


3.  COHSTROCTION  STAGES .  The  embankment  was  constructed  in  two  stages  under 
separate  contracts.  These  are  briefly  summarized  below. 

3.1  Earthwork  Stage  I.  The  first  earthwork  contract  included  partial 
construction  of  the  embankment,  primarily  the  upstream  impervious  blanket, 
from  approximately  Station  27+65  near  the  spillway  to  about  Station  70+65 
near  the  north  side  of  the  island.  This  included  filling  of  a  200-foot  wide 
river  chute  just  north  of  the  spillway  and  a  wider  1,100-ioot  chute  that  cut 
through  the  island-  Earthwork  Stage  1  also  involved  initial  excavation  in 
the  spillway  to  about  El.  1170  and  in  the  powerhouse  area  to  about  El.  1210. 
Chalk  and  overburden  material  from  the  structure  excavation  and  overburden 
material  from  the  structure  excavation  and  from  the  borrow  area  south  of  the 
powerhouse  were  used  as  fill  for  the  embankment.  Approximately  1,080,000 
cubic  yards  of  chalk  and  850,000  cubic  yards  of  overburden  were  excavated  and 
placed  in  the  embankment  section.  Profiles  and  sections  of  the  Stage  I 
embankment  are  shown  and  noted  as  "placed  by  prior  contract”  on  the  Stage  II 
drawings,  Plates  A-18  through  A-21.  Photos  No.  7  and  8  show  the  dike  con¬ 
structed  across  the  upstream  portion  of  the  central  river  chutes. 

3.2  Earthwork  Stage  II .  Earthwork  Stage  II  was  constructed  under  the 
same  contract  as  the  construction  of  the  powerhouse  substructure  and  spill¬ 
way.  Work  under  this  contract  included  diversion  of  the  river  flow,  closure 
of  the  embankment,  and  completion  of  the  embankment  in  addition  to  construc¬ 
tion  of  the  spillway  structure  and  the  powerhouse  substructure.  Embankment 
materials  included  chalk  and  shale  excavated  from  the  structure  area,  over¬ 
burden  soils  from  the  diversion  channel  and  from  the  right  abutment  and  left 
bank  borrow  areas,  dredged  alluvium  from  downstream  of  the  lam,  and  graded 
pervious  filter  material  from  the  river  alluvium  and  from  other  sources. 
Also  included  in  this  contract  was  the  construction  of  a  training  dike  for 
the  spillway  discharge  channel.  Approximately  3,200,000  cubic  yards  of  chalk 
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and  shale,  about  2,800,000  cubic  yards  of  valley  alluvium,  and  1,200,000 
cubic  yards  of  left  and  right  bank  overburden  were  excavated  under  this 
contract.  These  were  mostly  used  for  construction  of  the  embankment. 
Pertinent  drawings  showing  the  Earthwork  Stage  II  construction  work  are 
presented  on  Plates  A-18  through  A-22.  Photos  No.  10  through  No.  22  were 
taken  during  this  phase  of  construction. 

4.  FOUNDATION  PREPARATION .  All  areas  upon  which  embankment  material  were 
placed,  plus  at  least  a  10-foot  contiguous  strip,  were  cleared  of  all  brush, 
trees,  structures,  trash,  debris,  and  other  unsuitable  foundation  material. 
Roots  larger  than  1-1/2  Inches  in  diameter  were  removed  to  a  minimum  depth  of 
3  feet  below  the  ground  surface.  Thin  surface  layers  containing  sod,  humus, 
and  other  undesirable  material  were  stripped  and  wasted.  Depressions  were 
filled  with  either  compacted  impervious  fill  or  compacted  chalk  material. 
Prior  to  placement  of  embankment,  the  foundation  was  loosened  to  a  depth  of 
12  inches  by  scarifying,  plowing,  or  harrowing,  cleared  of  loosened  roots  and 
debris,  then  compacted  as  for  impervious  fill.  In  river  chute  areas, 
however,  the  flows  in  the  chutes  were  first  blocked  off  with  chalkfill  dikes 
constructed  across  the  chutes  at  the  upstream  edge  of  the  embankment.  Random 
fill  consisting  of  pervious  alluvial  material  was  then  placed  in  the  chute  to 
about  El.  1170,  slightly  above  the  normal  river  stage. 

5.  EMBANKMENT  SECTION.  The  embankment  has  a  maximum  height  of  about  75 
feet  above  the  river  bed  and  an  average  height  of  about  60  feet  across  the 
flood  plain.  The  crest  of  the  embankment  is  35  feet  wide  and  is  at  El. 
1234.0  feet,  mean  sea  level.  The  upstream  face  is  sloped  IV  on  4H  from  the 
crest  to  El.  1217,  then  IV  on  15H  to  El.  1203,  and  IV  on  3H  to  the  top  of  the 
impervicws  blanket.  The  downstream  face  is  on  a  IV  on  2.5H  slope  from  the 
crest  to  El.  1215,  then  on  IV  on  3H  to  the  top  of  the  chalk  berm  which  sup¬ 
ports  a  toe  road  across  the  full  length  of  the  valley  embankment.  The  eleva¬ 
tion  of  the  toe  road  varies  from  about  El.  1180  to  El.  1185  feet.  A  typical 
section  of  the  embankment  is  shown  on  Plate  A-2  and  sections  along  the  embank¬ 
ment  are  shown  on  Plates  A-4  and  A-5.  As-built  embankment  plan,  profile,  and 
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sections  are  on  Plates  A-1S  through  A-22.  The  embankment  is  composed  predom¬ 
inantly  of  impervious  earth  ^ill  and  chalk  fill.  The  design  of  the  embank¬ 
ment  was  based  on  the  use  of  the  large  quantity  of  chalk  from  the  powerhouse 
and  spillway  excavations.  Random  fill  in  the  lower  elevations  and  filter 
material  in  the  inclined  drain  section  in  the  downstream  side  of  the  impervi¬ 
ous  core  are  other  types  of  fill  in  the  embankment. 

Seepage  control  within  the  embankment  is  provided  by  a  conventional 
central  impervious  core.  Continuity  of  the  impervious  section  is  provided  to 
a  distance  of  about  600  feet  upstream  of  the  dam  axis  by  a  horizontal  impervi¬ 
ous  blanket  Immediately  upstream  of  the  core  and  a  relatively  impervious  com¬ 
pacted  chalk  fill  blanket.  The  blanket  extends  across  the  valley  and  ends 
abruptly  at  the  left  bank  of  the  river  where  a  20  to  40-foot  thick  surface 
layer  of  impervious  silt  and  clay  provides  a  natural  seepage  control  blanket. 

Underseepage  control  is  provided  primarily  by  a  system  of  48  relief 
wells  along  the  downstream  toe  of  the  embankment.  Plows  from  the  wells  are 
discharged  into  Lake  Yankton,  a  shallow-lake  that  was  formed  by  construction 
of  the  spillway  discharge  channel  training  dike  and  of  a  causeway  embankment 
across  the  natural  river  channel  approximately  1  mile  downstream  of  the  dam- 

6.  MATKItIAI.S  AMD  MATKKIAI.S  PLACEMKST ■  The  embankment  was  constructed  of 
material  obtained  from  required  excavations  and  from  left  and  right  bank 
borrow  areas.  The  materials  were  placed  in  a  manner  to  assure  a  stable  struc¬ 
ture  which  consisted  of  an  impervious  core  and  impervious  upstream  blanket, 
compacted  chalk  outer  sections,  and  a  relatively  flat  upstream  uncompacted 
chalk  berm.  Maximum  use  was  made  of  tf  a  large  quantities  of  chalk  material 
excavated  from  the  spillway  and  powerhouse  areas  and  of  impervious  and  pervi¬ 
ous  overburden  material  from  these  areas  and  from  the  diversion  channel. 
Impervious  material  for  the  core  and  upstream  blanket  was  obtained  from  the 
borrow  areas.  Placement  and  compaction  methods  were  similar  to  those  used  at 
Fort  Randall  Dam  which  was  constructed  just  prior  to  Gavins  Point  Dam. 
Records  on  field  compaction  tests  and  embankment  construction  control  were 
sent  to  the  federal  records  center  In  Kansas  City,  Missouri,  and  were  subse¬ 
quently  destroyed.  However,  laboratory  test  records  on  20  undisturbed  box 


samples  of  the  embankment  material  taken  for  record  purposes  during  construc¬ 
tion  are  available.  Tests  on  these  samples  included  moisture  content, 

density,  permeability,  consolidation,  direct  shear,  unconfined  compression, 
and  one  consolidated-undrained  triaxial  shear  test.  Also  available  are 
classification  and  moisture  content  data  on  samples  from  five  piezometer 
holes  that  were  drilled  during  the  Stage  II  earthwork  construction. 

6.1  Dncowpacted  Kadag  Fill.  Uncompacted  random  fill  was  used  to  fill 

the  river  chutes  to  about  El.  1170  beneath  the  upstream  embankment  section 
from  the  upstream  chalkfill  dike  to  about  the  embankment  centerline.  It 

consisted  of  relatively  pervious  alluvial  sands  from  the  spillway,  diversion 
channel,  and  discharge  channel  excavations  and  also  pervious  material  from 
the  borrow  areas.  In  Earthwork  Stage  I,  the  material  was  end-dumped  In  the 
south  and  central  river  chutes.  In  Earthwork  Stage  II,  it  was  placed  in  the 
upstream  part  of  the  embankment  closure  section  by  means  of  hydraulic 
dredging  after  initial  closure  was  accomplished  by  construction  of  a  chalk- 
fill  cofferdam  across  the  main  river  channel. 

6.2  Compacted  Random  Fill.  Compacted  random  fill  consisted  of  the 

same  type  of  materials  as  uncompacted  random  fill.  It  was  placed  beneath  the 
Impervious  core,  upstream  compacted  chalk  blanket,  impervious  upstream 
blanket,  and  downstream  compacted  chalk  fill.  In  Earthwork  Stage  I,  this 
material  was  placed  beneath  the  upstream  embankment  section  from  El.  1170  to 
about  El.  1177,  sandwiched  between  the  underlying  uncompacted  random  fill  or 
prepared  foundation  and  the  overlying  compacted  chalk  am.  impervious  fill 

blankets.  In  Earthwork  Stage  II,  it  was  placed  from  the  original  ground  line 

to  El.  1177  beneath  the  upstream  embankment,  impervious  core,  and  filter 
sections  and  to  El.  1185  beneath  the  downstream  compacted  chalk  section.  The 
material  above  water  was  placed  in  18-inch  loose  lifts  and  was  compacted  by 
at  least  three  complete  passes  of  a  50-ton  rubber-tired  roller  (Photo  No.  9). 
Underwater  placement  was  by  hydraulic  dredging  of  pervious  alluvial  material. 
(Photo  No-  18). 

Two  undisturbed  box  samples  were  taken  of  the  compacted  random  fill. 
One  was  from  El  1177.5,  Station  80+24,  and  Range  5137  and  the  other  was  from 
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El  1180.5,  Station  80+80,  and  Range  5122.  These  samples  were  classified  as 
SP  sands  with  dry  densities  of  about  91  and  101  pcf  (pounds  per  cubic  foot). 
A  permeability  test  on  the  denser  sample  showed  a  permeability  coefficient  of 

4.5  x  10"3  cm/sec.  Samples  obtained  from  a  piezometer  hole  located  at 
Station  75+00,  Range  4980  indicated  that  the  materials  in  the  random  fill 
section  at  that  location  varied  from  clayey  sands  to  lean  clays. 

6.3  Impervlona  Fill.  Impervious  fill  was  placed  in  the  central  core 
and  in  the  connecting  upstream  impervious  blanket  which  extended  to  a  dis¬ 
tance  of  about  300  feet  from  the  dam  axis.  The  impervious  blanket  is  at 
least  8  feet  thick  at  the  upstream  end  and  becomes  much  thicker  at  the  cen¬ 
tral  core.  Impervious  material  consisted  of  clays,  silty  clays,  and  clayey 
silts  from  the  right  abutment  and  left  bank  borrow  areas.  No  Atterberg 
limits  were  specified.  Moisture  content  was  specified  to  be  from  optimum  to 
wet  of  optimum  to  insure  a  flexible  impervious  core  section  to  minimize 
cracking  that  could  occur  from  differential  settlement.  The  material  was 
placed  in  12-inch  thick  loose  lifts  and  compacted  by  at  least  three  complete 
passes  of  a  50-ton  rubber-tired  roller. 

Tests  on  four  undisturbed  samples  from  the  core  section  and  two  from  the 
upstream  Impervious  section  revealed  that  the  materials  in  both  sections  were 
generally  of  similar  types.  Materials  consisted  predominately  of  sandy  clays 
(CL),  but  also  included  fat  clays  (CH).  Sand  content  in  the  Clays  ranged 
from  about  25  to  40  percent.  Atterberg  limits  of  the  CL  clays  varied  from 
LL“31,  PI*13  to  LL“41,  PI-25.  Dry  densities  (DD)  and  moisture  contents  (w) 
varied  from  DD=107  pcf,  w=16.7  percent  to  DD*114  pcf,  w=*I5.2  percent.  The 
two  CH  clay  samples  had  the  following  properties:  LL“52,  PI“31,  DD**82  pcf, 
and  w=20.3  percent  for  one  sample  and  LL=67,  PI-42,  DD“94  pcf,  and  w=24 
percent  for  the  other.  Falling  head  permeability  tests  indicated  a 
permeability  coefficient  of  approximately  1.0x10-7  cm/sec.  Seven  unconfined 
compression  tests  showed  breaking  strengths  varying  from  1.17  to  2.87  tons 
per  square  foot  (TSF)  and  an  average  strength  of  about  2.2  TSF.  Results  of 
two  direct  shear  tests  are  tabulated  on  Plate  A-26. 
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Samples  taken  from  three  piezometer  holes  located  at  Station  50+00 
(Ra.ge  4980),  Station  75+00  (Range  4980),  and  Station  75+00  (Range  4850)  were 
predominately  lean  and  sandy  clays.  In  general,  the  moisture  contents  were 
at  or  above  optimum. 

6.4  Compacted  Chalk  Fill.  Compacted  chalk  fill  was  placed  in  upstream 
and  downstream  sections  of  the  main  embankment  and  in  the  upstream  compacted 
chalk  blanket.  The  chalk  blanket  is  a  300-foot  extension  of  the  upstream 
impervious  blanket  and  varies  in  thickness  from  8  feet  at  the  impervious 
blanket  to  5  feet  at  the  upstream  end.  The  material  was  composed  of  chalk 
and  shale  excavated  from  the  spillway  and  powerhouse  areas.  Properties  of 
the  compacted  chalk  fill  were  determined  from  a  chalk  test  embankment  pre¬ 
viously  constructed  at  Fort  Randall  Dam.  Based  on  the  test  fill,  the  com¬ 
pacted  chalk  fill  for  Gavins  Point  Dam  was  placed  and  compacted,  as  follows: 
The  chalk  was  dumped  and  spread  in  12-inch  loose  layers  and  further  broken 
down  by  at  least  four  complete  passes  of  a  spike-tooth  roller.  Moisture  was 
added,  as  needed,  during  the  spike-tooth  rolling.  The  roller  was  basically  a 
tamping  roller  with  the  tamping  feet  modified  into  removable  10-1/2-lnch 
pointed  teeth.  Final  compaction  of  the  material  was  obtained  by  at  least  six 
complete  passes  of  a  tamper  roller  or  by  three  complete  passes  of  a  rubber- 
tired  roller.  No  particular  difference  in  operation  or  results  was  noted 
between  the  two  compaction  methods,  although  the  contractor  generally 
preferred  the  rubber-tired  roller  because  of  the  fewer  required  passes.  In 
the  downstream  compacted  chalk  fill  section,  the  finer  graded  material  was 
placed  adjacent  to  the  filter  section. 

Tests  on  12  undisturbed  box  samples  of  the  compacted  chalk  indicated 
that  the  material  is  generally  of  CH  and  CL  clays  containing  approximately  5 
to  20  percent  sa'ia.  Atterberg  limits  ranged  as  follows:  LL=54,  PI-21  for 
the  CH  clays  to  LL=>33,  PI-11  for  the  CL  clays.  Laboratory  permeability  tests 
indicated  a  permeability  coefficient  of  2.6x10-4  cm/sec  for  a  ML  silt  sample 

and  2.3x10-6  cm/sec  for  a  CH  clay  material.  The  average  dry  density  of  the 
compacted  chalk  was  about  86  pounds  per  cubic  foot  which  was  higher  than  that 
obtained  in  the  Fort  Randall  test  embankment.  The  average  moisture  content 
was  28  percent  which  was  about  6  percent  lower  than  the  moisture  content  in 
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the  test  embankment.  Eight  unconfined  compression  tests  showed  a  wide  range 
in  breaking  strength,  from  0.8  TSF  to  46.6  TSF.  The  six  lowest  results 
ranged  from  0.8  to  4.0  TSF  and  averaged  2.5  TSF.  The  only  consolida  ted- 
undrained  (R)  trlaxial  shear  test  conducted  on  the  record  samples  was  made 
using  three  specimens  prepared  from  box  samples  taken  from  different  loca¬ 
tions  within  the  compacted  chalk  section.  The  specimens,  therefore,  were  not 
uniform  and  were  classified  as  CH,  ML,  and  CL  soil  types  with  dry  densities 
of  about  95,  75,  and  85  pcf,  respectively.  The  resulting  strength  envelope 
indicated  shear  strength  parameters  of  Tan  0=0.28  and  cohesion  =1.02  TSF. 
Because  of  the  limited  test  data,  "R"  strength  parameter  of  Tan  0=0.35  and 
C=0.35  TSF  were  conservatively  selected  for  the  stability  reevaluation 
d‘  ussed  below  under  ''Embankment  Stability."  Results  of  four  direct  shear 
tests  on  the  compacted  chalk  fill  are  tabulated  on  Plate  A-26. 

6.5  Oncoroacted  Chalk  >111.  Uncompacted  chalk  fill  consisted  of  chalk 
and  shale  from  the  powerhouse  and  spillway  excavations.  The  material  formed 
the  outer  upstream  emba.ikme nt  section  consisting  of  the  thick  IV  on  15H  berm 
section  and  the  thinner  IV  on  411  upper  main  embankment  section.  The  speci¬ 
fications  allowed  the  material  to  be  placed  In  horizontal  layers  5  feet  or 
less  in  thickness,  and  be  compacted  only  by  the  passage  of  the  hauling  and 
spreading  equipment.  A  large  part  of  the  uncorapacted  chalk  fill  section  was 
placed  by  this  method;  however,  the  Earthwork  Stage  II  contractor  requested 
and  was  allowed  to  place  a  section  by  hydraulic  filling.  A  30-inch  cutter- 
head,  diesel-electric  dredge  was  used  to  excavate  the  firm  chalk  from  the 
discharge  channel  downstream  of  the  powerhouse  and  spillway.  The  chalk  was 
pumped  through  a  30-lnch  line  approximately  4,000  to  6,000  feet  in  length  and 
deposited  in  the  chalk  section.  The  exact  location  of  the  hydraulic  fill  is 
not  known,  but  Is  estimated  to  be  over  a  portion  of  the  island  from  about 
Station  6CH-00  to  Station  75+00.  The  dredged  fill  was  placed  over  3  feet  of 
conventionally  placed  uncompacted  chalk  and  was  capped  with  a  3-foot  cover  of 
firm  gray  chalk  fill.  Placement  by  this  method  was  considered  very  satisfac¬ 
tory.  The  relatively  flat  upstream  berm  section  was  assumed  to  he  suffi¬ 
ciently  resistant  to  wave  action  and  was,  therefore,  constructed  without  any 
type  of  protective  cover.  However,  wave  erosion  started  to  occur  as  soon  as 
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the  pool  reached  the  level  of  the  berm.  The  progress  of  wave  erosion  and 
subsequent  placement  of  riprap  are  described  below  under  "Wave  Protection. " 


6.6  Filter  Section.  The  filter  section  is  8  feet  wide  and  lies 
between  the  central  core  and  the  downstream  compacted  chalk  section.  The  top 
of  the  filter  section  is  at  El.  1210  and  the  bottom  Is  at  El.  1177  and  in 
contact  with  the  underlying  alluvial  foundation  or  compacted  relatively 
pervious  random  fill.  Drainage  of  the  filter  section  is  through  the  under¬ 
lying  material  and  the  pervious  random  fill  that  was  placed  Immediately 
downstream  of  the  filter  section  to  EL.  1185.  The  filter  material  was 
required  to  meet  the  following  gradation: 


Sieve  Size,  O.S. 
Standard  Square  Mesh 

3/4  Inch 
3/8  Inch 
No.  4 
No.  10 
No .  16 
No.  40 
No.  100 
No.  200 


Percent  by  Weight 
_ Passing _ 

100 

95-100 

90-100 

80-100 

70-95 

35-80 

0-45 

0-20 


The  material  was  placed  In  18-inch  loose  lifts  and  compacted  by  three  passes 
of  a  rubber-tired  roller. 


7.  HAVE  PROTECT IQS.  The  flat  IV  on  15H  upstream  chalk  berm  was  assumed  to 
provide  adequate  resistance  against  wave  action.  However,  berm  erosion 
started  when  the  reservoir  was  initially  filled  In  1956.  Erosion  progressed 
towards  the  main  embankment  at  a  rate  of  about  5  to  10  feet  per  year  and  by 
1973  had  advanced  about  150  feet  to  about  range  4850,  approximately  60  feet 
from  the  toe  of  the  IV  on  4H  upper  embankment  slope. 


In  1973,  stone  protection  was  placed  along  the  entire  length  of  the  ero¬ 
sion  scarp,  as  indicated  on  Plates  A-23  and  A-24.  Except  for  a  2,500-foot 
long  test  section,  the  stone  protection  consisted  of  dumped  field  boulders 
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placed  at  a  rate  of  ^.0  tons  per  lineal  foot  of  scarp.  The  test  section 
Included  layered  riprap  on  IV  on  2H  and  IV  on  3H  slopes,  gabions,  dumped 
quarried  boulders,  and  dumped  field  boulders.  The  layered  IV  on  2H  riprap 
showed  signs  of  excessive  stone  displacement  within  two  years  after  placement 
and  was  almost  completely  washed  out  by  1979  at  which  time  the  500-foot  sec¬ 
tion  was  protected  with  dumped  quarried  stone  placed  at  a  rate  of  1.25  tons 
per  lineal  foot.  Included  In  this  repair  work  was  the  placement  of  quarried 
stones  to  repair  several  small  Isolated  severely  damaged  areas  along  the 
dumped  field  boulder  protection. 

The  upstream  chalk  fill  portion  of  the  embankment  adjacent  to  the  north 
spillway  wall  is  protected  against  waves  by  a  3-foot  thick  layer  of  riprap 
over  1  foot  of  spalls  and  1  foot  of  filter  material.  The  riprap  is  well- 
graded  and  varies  In  stone  size  from  a  minimum  of  5  inches  to  a  maximum  of 
about  3  feet.  A  plan  and  typical  sections  of  the  riprapped  area  are  shown  on 
Plate  A-21.  The  oucer  riprapped  slope  was  damaged  several  times  by  waves 
during  periods  of  high  winds.  Repairs  were  made  by  the  addition  of  rock  by 
project  forces.  j 

The  IV  on  4q  upstream  slope  and  the  entire  downstream  slope  of  the 
embankment  have  9  Inches  of  topsoil  and  are  grassed  for  protection  against 
surface  erosion. 

8.  DIVKRSIOH  AHP  CLOSURE .  During  the  embankment  closure  operations,  the 
Missouri  River  was  diverted  through  the  powerhouse  draft  tubes  and  over  the 
spillway  weir.  Prior  to  the  closure,  the  upstream  dike  was  opened  to  allow  i 

I 

the  river  to  flow  through  the  diversion  channel  to  the  powerhouse  and  spill-  I 

way  structures.  Pill  placement  for  the  closure  section  was  started  in  June 

1955  and  initial  closure  was  accomplished  at  about  4:00  a.m.  on  31  July  1955.  1 

Closure  was  made  by  constructing  a  chalk  diversion  dam  across  the  river  along 

the  upstream  end  of  the  impervious  blanket.  Photos  No.  14  through  No.  20 

were  taken  during  construction  of  the  closure  section.  Plans,  sections,  and 

details  of  the  closure  section  are  shown  on  Plate  A-22. 
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9. 


SEEPAGE  CONTROL •  Seepage  through  the  embankment  is  controlled  prlm-irUy 


by  the  impervious  core,  Impervious  upstream  blanket,  and  the  pervious  filter 
section  on  the  downstream  side  of  the  core,  and  the  downstream  random 
pervious  fill.  Uaderseepage  control  is  provided  by  the  upstream  impervious 
blanket,  chalk  fill,  and  pressure  relief  wells  along  the  downstream  toe  of 
the  embankment. 

9.1  Relief  Wells.  The  embankment  section  was  designed  by  assuming 
that  uplift  pressures,  especially  at  the  downstream  toe  of  the  embankment, 
would  be  controlled  by  pressure  relief  wells.  Because  of  insufficient  boring 
data,  the  design  of  the  relief  wells  was  deferred  and  installation  of  the 
walls  was  not  Included  in  the  embankment  earthwork  contract.  The  necessary 
borings  and  tests  were  made  during  Earthwork  Stage  II  and  the  well  design  was 
completed  in  1954.  Relief  wells  No.  1  through  No.  41  were  installed  during 
May  and  June  1955  prior  to  the  embankment  closure  in  July  1955.  The  remain¬ 
ing  wells,  No.  42  through  No.  48,  were  installed  in  August  and  September  1455 
after  the  closure  was  made.  The  wells  are  spaced  from  100  feet  apart  in  the 
closure  area  to  250  feet  apart  at  the  south  end  of  the  embankment,  but  the 
majority  of  the  wells  are  at  spacings  of  150  and  140  feet.  The  wells  are 
fully  penetrating  at  the  north  and  south  ends  of  the  system  where  the  valley 
alluvium  is  relatively  shallow.  In  the  central  reach  where  the  bedrock  is  at 
a  much  lower  depth,  the  wells  penetrate  to  75  percent  of  the  thickness  of  the 
alluvium.  The  riser  and  screen  sections  of  the  relief  wells  consist  of 
8-inch  inside  diameter  wire-wrapped  wood  stave  pipes.  Each  well  includes  a 
36-lnch  diameter  corrugated  metal  pipe  (CMP)  well  pit  and  an  8-inch  diameter 
CMP  discharge  pipe  through  the  toe  road  berm.  Seventeen  well  point  type 
piezometers  were  Installed  between  selected  relief  wells  to  monitor  the 
uplift  pressures  in  the  line  of  wells.  Plate  A-3  shows  the  locations  of  the 
relief  wells  and  piezometers.  Relief  well  and  piezometer  details  and  tab¬ 
ulated  location  and  elevation  data  are  presented  on  Plate  A-6.  On  Plate  A-7 
is  a  profile  of  the  relief  well  system.  Relief  well  design  computations  are 
presented  on  Plates  A-29  and  A-30  and  the  design  of  the  gravel  pack  gradation 
is  on  Plate  A-31.  A  plot  of  total  well  flow  Is  shown  on  Plate  A-32  and 
typical  plots  of  individual  well  flows  are  presented  on  Plate  A-33. 


s 


18 


I 


An  e vain  a t ion  of  the  performance  and  effectiveness  of  the  relief  well 
system  was  rude  In  1963  and  the  results  are  presented  In  the  referenced 
report,  "Relief  Well  and  Underseepage  Report,"  dated  April  1963.  The  evil na¬ 
tion  showed  that  the  wells  were  very  effective  in  controlling  underseep. lge . 
Monitoring  of  the  relief  wells  and  piezometers  indicates  that  the  wells 
continue  to  provide  the  necessary  underseepage  control.  All  of  the  wells 
were  pump  tested  in  1980  and  were  determined  to  be  generally  in  good 
condition. 

9.2  Seepage  Control  at  Spillway  Contact.  To  provide  adequate  seepage 
control  where  the  embankment  abuts  the  north  spillway  wall,  the  valley 
alluvium  at  that  location  was  excavated  on  a  IV  on  2H  slope  above  the  top  of 
the  wall  footing  approximately  20  feet  below  the  natural  ground  surface. 
Impervious  core  and  blanket  materials  were  then  placed  and  compacted  against 
the  structure.  In  addition,  a  thick  impervious  blanket  was  placed  directly 
beneath  the  approach  channel  riprap  and  tied  to  the  top  of  the  shale  bedrock 
by  a  cut-off  trench.  This  impervious  section  was  constructed  to  lengthen  the 
seepage  path  along  the  wall  and  extends  from  the  spillway  wall  to  the  up¬ 
stream  end  of  the  chalk  blanket.  Details  of  the  embankment  construction  at 
the  spillway  wall  are  presented  on  Plate  A-21. 

9.3  Seepage  Control  «t  Left  Bank.  The  embankment  foundation  on  the 
_ left  (north)  bank  of  the  main  river  channel  consists  of  approximately  20  to 

AO  feet  of  clays  which  provide  an  adequate  impervious  blanket  against  under- 
seepage  pressures.  A  5-foot  thick  random  pervious  fill  blanket  was  placed 
beneath  the  embankment  section  downstream  of  the  impervious  core  to  drain 
seepage  that  occurs  through  or  under  the  embankment.  Details  of  this  blanket 
are  shown  on  Plate  A-19. 

10.  KMBAMMKHT  STABILITY.  The  stability  of  the  embankment  was  analyzed  dur¬ 
ing  the  project  design  stage  in  1951  and  was  re-evaluated  in  1976  using  then 
current  criteria.  In  both  Instances,  the  embankment  at  about  Sta.  30+00  just 
north  of  the  spillway  was  selected  for  analysis.  This  location  was  selected 
because  the  weaker,  weathered  clay  phase  of  the  Carlile  shale  is  at  a  much 
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shallower  depth,  about  15  feet,  than  In  the  central  valley  section  where  the 
higher  strength  alluvium  extends  to  a  depth  of  over  90  feet. 

10.1  Original  Stability  Analysis.  The  design  stability  analysis  on  the 
critical  embankment  section  is  presented  on  Plate  A-25.  Assumed  water  and 
seepage  conditions  for  the  steady  seepage  condition  and  adopted  embankment 
and  foundation  shear  strengths  are  indicated  on  the  plate.  The  analysis 
showed  a  minimum  factor  of  safety  of  1.59. 

10.2  Stability  Ree valuation.  A  reevaluation  of  the  embankment  stabil¬ 
ity  using  current  criteria  was  made  in  1976  at  the  request  of  members  of  the 
Office  of  the  Chfef  of  engineers  who  participated  in  the  1971  periodic  Inspec¬ 
tion.  The  report  was  submitted  as  Appendix  Q  of  Periodic  Inspection  Report 
Mo.  3,  dated  May  1976.  The  steady  seepage,  sudden  drawdown,  and  partial  pool 
cases  were  analyzed  by  the  wedge  method  of  analysis  described  in  EM 
1110-2-1902,  l  April  1970,  "Stability  of  Earth  and  Rockfill  Dams."  All  analy¬ 
ses  were  performed  by  computer  using  a  WES  program,  741-G9RP-107 ,  "Slope  Sta¬ 
bility  Wedge  Method,”  and  critical  cases  were  checked  by  hand  computations. 
As  expected,  the  analysis  of  the  flat  upstream  slope  revealed  high  safety 
factors  of  2.7  for  the  sudden  drawdown  case  and  2.0  and  3.2,  with  and  without 
earthquake,  respectively  for  the  partial  pool  case.  The  critical  steady  seep¬ 
age  case  showed  safety  factors  of  1.49  and  1.42  for  the  spillway  pool  and  sur¬ 
charge  pool  conditions,  respectively.  With  application  of  a  seismic  coeffi¬ 
cient  of  0.1,  the  analysis  showed  a  safety  factor  of  1.05  for  the  steady 
seepage,  spillway  pool  condition. 

Initial  reevaluation  using  the  original  design  shear  strengths  Indicated 
factors  of  safety  in  the  range  of  l.l  to  1.2  for  the  steady  seepage  case.  It 
was  recognized,  however,  that  all  of  the  original  design  strengths  were  based 
on  the  lowest  strength  achieved  for  the  testing  program.  Consequently,  for 
the  reevaluation,  shear  strengths  were  selected  as  follows: 

a.  The  shear  strengths  of  the  embankment  chalk  and  random  fill  mate¬ 
rials  were  based  on  the  results  of  shear  tests  made  on  undisturbed  record  box 
samples  taken  during  construction  of  the  dam. 
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b.  The  strengths  of  the  embankment  Impervious  fill,  foundation  allu¬ 

vium,  and  shale  bedrock  were  adjusted  from  the  lowest  strengths  to  a  value 
selected  such  that  two-thirds  of  the  test  values  exceeded  the  adopted  value. 
Although  the  alluvium  is  primarily  sandy  material,  it  contains  lenses  of  silt 
and  clay;  therefore,  strengths  applicable  to  these  impervious  types  of  mate¬ 
rials  were  used.  The  original  design  assumed  that  the  alluvium  was  composed 
of  a  sandy  type  material. 

Material  properties  and  adopted  shear  strengths  are  presented  on  Plates 
A-26  and  P-27  and  the  manual  computation  of  the  critical  wedge  stability 
analysis  is  shown  on  Plate  A-28. 

11.  SETTLEMENT.  Overbuild  of  the  embankment  crest  was  not  considered  neces¬ 
sary  as  most  of  the  settlement  of  the  pervious  foundation  was  expected  to 
occur  during  construction  of  the  embankment.  Based  on  the  settlement 
recorded  at  Fort  Randall  Dam,  the  maximum  settlement  of  the  Gavins  Point 
embankment  was  predicted  at  about  1.5  feet.  Eighty  percent  of  the  settlement 
was  expected  to  occur  during  construction  and  the  remainder  in  about  6  months 
after  construction.  The  predicted  settlement  was  confirmed  by  settlement 
gage  readings  during  and  after  construction  of  the  project.  The  readings 
indicated  that  settlement  stabilized  after  a  maximum  settlement  of  about  1.6 
feet  In  a  span  of  about  25  years.  Approximately  65  percent  of  the  settlement 
occurred  by  the  time  the  full  height  of  the  embankment  was  constructed  and  an 
additional  15  percent  occurred  by  the  end  of  the  project  construction.  The 
left  bank  foundation  has  a  thicker  clay  deposit  than  the  valley  alluvium,  but 
has  slightly  less  embankment  load.  It  has  settled  a  maximum  of  about  1.75 
feet,  75  percent  of  which  occurred  during  construction  of  the  project. 
Typical  settlement  plots  are  shown  on  Plate  A-38.  Settlement  gages  are 
described  below  under  "Instrumentation.” 

12.  INSTRUMENTATION .  Instrumentation  of  the  Gavins  Point  embankment  con¬ 
sists  of  settlement  gages,  crest  and  slope  movement  markers,  embankment 
piezometers,  relief  well  piezometers,  and  strong  motion  accelerographs. 
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12.1  Settlement  Gages.  During  construction  of  the  embankment,  nine 

settlement  gages  were  installed,  three  each  at  stations  27+30,  56+00,  and 

99+50,  as  indicated  on  Plate  A-37.  Seven  of  the  gages  remain  functional. 
Gages  A  and  G  on  the  upstream  berm  were  destroyed  by  ice  action  and  wave 
erosion  in  1957.  The  gages  consist  of  6-foot  diameter,  1/2-inch  thick  steel 
plates  installed  on  the  prepared  foundation  immediately  beneath  the  embank¬ 
ment.  At  each  location,  a  2-1/2-inch  diameter  steel  pipe  was  connected  ;o 
the  plate  and  was  extended  through  the  fill  as  construction  of  the  embankment 
progressed.  The  pipe  was  extended  inside  a  4-inch  diameter  protective  steel 
pipe  from  about  6  feet  above  the  plate  and  both  pipes  were  capped  above  the 
surface  of  the  embankment.  Headings  have  been  taken  at  regular  intervals  and 
typical  plots  are  shown  on  Plate  A-38  for  Gages  A,  B,  and  C  which  are  ail 
located  at  Station  56+00. 

12.2  Crest  and  Slope  Movement  Markers .  The  locations  of  13  crest  and 
slope  movement  markers  are  shown  on  Plate  A-37.  Initially,  the  markers 
consisted  of  concrete  monuments  extending  approximately  5  feet  Into  the 
embankment.  Concrete  monument  reference  points  were  also  set  in  the  abut¬ 
ments  and  downstream  of  the  embankment  on  the  left  bank  of  the  river.  All  of 
the  markers  were  replaced  with  deeper  "frost  free"  markers  either  in  1972  or 
in  1979.  Markers  48B2,  86A2,  86B2,  and  94B2  were  Installed  In  1972;  each 
consists  of  a  10-foot  long  2-inch  diameter  pipe  centered  in  a  6-inch  or 
8-inch  diameter  casing.  The  lower  5  feet  of  pipe  is  uncased  and  is  embedded 
in  concrete.  The  space  between  the  pipe  and  the  casing  is  filled  with 
vermiculite.  Markers  30A,  30B,  40A,  48A,  60A,  70A,  70B,  94A,  and  100A  were 
installed  in  1979  and  each  consists  of  a  1-inch  diameter  steel  rod  10  feet 
long  driven  into  the  ground  through  a  4-inch  diameter,  4-foot  deep  cased 
auger  hole.  The  top  of  the  casing  extends  about  1.5  feet  above  the  ground 
and  is  provided  with  a  removable  cap.  Since  July  1979,  movement  readings 
have  been  taken  by  geodolite  survey  instead  of  the  forar  "offset  from  line 
of  sight"  survey.  Typical  plots  of  movement  marker  leadings  are  shown  on 
Plates  A-39  and  A-40. 
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12.3  Embankment  and  Relief  Well  Piezometers.  Embankment  piezometers 


were  Installed  in  four  lines,  A  through  D,  normal  to  the  axis  of  the  eibank- 
ment.  Their  purpose  is  to  monitor  uplift  pressures  that  develop  in  the  illu¬ 
vial  foundation  beneath  the  embankment.  Relief  well  piezometers  -ere 
installed  at  select  locations  between  some  of  the  relief  wells  to  monitor  the 
effectiveness  of  the  relief  well  system  along  the  downstream  toe  of  the 
embankment.  All  piezometers  are  well-point  types  similar  to  that  shown  on 
Plate  A-6.  Locations  of  all  of  the  piezometers  are  shown  on  Plate  A-3  and 
are  tabulated  on  Plate  A-6. 

Six  of  the  original  22  embankment  piezometers  were  destroyed  through 
wave  erosion  of  the  upsteam  berm.  At  present,  there  are  18  embankment  pie¬ 
zometers  that  measure  underseepage  pressures.  They  Include  piezometer 
A'5.165  which  was  installed  in  1977  near  the  "A"  line  and  piezometer  79-1 
which  was  Installed  In  1979  In  the  closure  section.  Two  other  piezometers, 
79-2  and  79-3,  were  also  placed  in  the  closure  section.  However,  their  tips 
were  set  in  the  chalk  fill  and  filter  drain  sections,  respectively,  and  at  a 
shallow  depth  at  about  the  level  of  the  normal  pool.  These  two  piezometers, 
therefore,  are  not  for  monitoring  underseepage,  but  are  primarily  for  the 
detection  of  seepage  through  the  upper  embankment  section.  Typical  plots  of 
embankment  piezometer  readings  are  shown  on  Plate  A-34.  On  Plates  A-35  and 
A-36  are  plots  of  piezometer  readings  on  the  embankment  sections  at  lines  A, 
B,  C,  and  D.  These  show  the  effective  upstream  seepage  resistance  provided 
by  the  embankment  section  and  the  natural  impervious  blanket  and  also  show 
the  underseepage  gradient  through  the  embankment. 

Seventeen  piezometers  were  installed  between  selected  relief  wells. 
These  are  shown  in  plan  on  Plate  A-3  and  in  profile  on  Plate  A-7 .  A  tabula¬ 
tion  of  the  well  locations  and  elevations  is  presented  on  Plate  A-6.  Typical 
plots  of  the  piezometer  readings  are  shown  on  Plate  A-33.  They  indicate  rela¬ 
tively  constant  uplift  pressures  which  are  safely  below  those  assumed  in  the 
design  of  the  relief  well9.  The  relief  well  system  Is  described  above  under 
"Seepage  Control.” 
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12.4  Strong  Motion  Accelerographs .  Gavins  Point  Darn  is  located  in  Zone 
1,  a  low  seismic  activity  region  outlined  in  the  seismic  probability  map, 
Figure  6,  EM  1110-2-1902.  Three  Kinemetrlcs  SMA-1  strong-motion  accelero¬ 
graphs  'were  in^  tailed  at  the  project  in  1976.  One  instrument  is  located  on 
the  crest  of  the  embankment  at  about  Station  55+00.  Another  is  also  at 
Station  55+00,  but  is  located  in  the  Cottonwood  recreation  area  about  500 
feet  downstream  of  the  embankment  crest.  The  third  recorder  is  located  in 
the  spillway  gallery.  All  of  the  instruments  were  installed  and  are 
maintained  by  the  U.S.  Geological  Survey. 

13.  OPERATIONS  AND  IHSPKCT10NS .  The  Gavins  Point  project  is  operated  and 

maintained  by  the  U.S.  Army  Corps  of  Engineers,  Omaha  District.  The  project 
office  is  located  in  the  powerhouse  complex  and  is  staffed  by  permanently 
assigned  operations  and  maintenance  personnel.  Annual  inspections  of  the 
project  are  conducted  by  personnel  of  the  district  office  and  periodic 
in-depth  inspections  are  made  jointly  by  members  of  the  Omaha  District  and 
the  Missouri  River  Division,  and  occasionally  the  Office  of  the  Chief  of 
Engineers.  These  inspect  Ions  are  made  to  assure  the  structural  and  opera¬ 
tional  soundness  of  this  multi-purpose  dam  project.  Periodic  inspections  are 
made  in  accordance  with  the  requirements  of  ER  1110-2-100  and  to  date,  such 
inspections  have  been  successfully  conducted  In  1967,  1971,  1976  and  1981. 
Results  of  the  inspections  are  included  in  the  referenced  periodic  inspection 
reports. 

14.  EVALUATION.  The  Gavins  Point  embankment  is  in  good  structural  condi¬ 
tion.  In  over  25  years  of  operation,  no  serious  stability  problems  have 
occurred.  Instrumentation  readings  indicate  that  settlement  of  the  embank¬ 
ment  foundation  has  stabilized,  that  no  unusual  embankment  deformations  are 
occurring,  and  that  the  relief  wells  continue  to  provide  an  effective  system 
of  underseepage  control.  In  addition,  daily  surveillance  by  project  person¬ 
nel  and  annual  and  periodic  inspections  by  members  of  the  District  and  Divi¬ 
sion  offices  assure  that  the  performance  of  the  dam  is  adequately  monitored 
and  evaluated. 
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ASSUMPTIONS 

DENSITY 

SHEARING 

STRENGTH 

NOT 

SAT. 

SAT. 

TAN.  * 

C-T/SQ.FT. 

DUMPED  CHALK 
COMPACTED  CHALK 
IMPERVIOUS 
ALLWVMP 
'MtA.CARLLE  SHALE 

-OS 

■  OSS 

■OBI 

OB2 

OSB 

OSS 

OBI 

OBA 

OB4 

OBS 

■  SO 
•  SO 

S5 

BO 

_ 

0 

0 

ss 

0 
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I  THIS  ANALYSIS  IS  FOR  A  CONDITION  AFTER  THC  COMPLETION  Of  TMC  DAM, 
WITH  STEADY  SEEPAGE  FLOW  C  ST  ABU  SHED  FROM  A  MAXIMUM  NORMAL 

operating  pool  elevation  of  mo 

S  THE  EVALUATION  OF  PORE  WATER  PRESSURE  IN  THE  EMBANKMENT  ANO 

FOUNDATION  IS  BASED  ON  THC  ASSUMPTION  OF  HYDROSTATIC  PRESSURES  BELOW 

the  estimateo  saturation  line 

«  THE  ANGLES  or  THC  SLIDE  Pl-ANCS  FOR  THC  ACTIVE  ANO  PASSAT  WEOCES 
WERE  BASED  0*4  RANKINCS'  THCORY.  USING  WUQHTfO  TANGENT  •  VALUES 


SYMBOLS 

W  EFFECTIVE  WEIGHT  OF  BLOCK  COI 

C  COlCWf  RESISTANCE  ALONG  SLID 

F  RESULTANT  OF  FRICTIONAL  RESIST! 

to  Slide  plane 


F  W  NET  HORIZONTAL  thrust  FROM  I 
l-i.  E-3  INTERBLOCK  FORCES  ASSUMED  hQRi 


FORCE  DIAGRAM 
SLIDE  PLANE  GHKL 

no  mu 


/ 

—  ■■■?  •. ..  V  ■■  .  i; jMV  .1 1 niaitfNMMM 


...t - - I _ : - 1 _ l- 

(♦00  2*00  3*00  4  tOO 


NT  SECTION  ADJACENT  TO  SPILLWAY 
/INC  SLIDE  PLANES  ANALYZED 


SUMMARY  OF  RESULTS 

SLIDE  PLANE 

Factor  or  SAFETY 

ABCO 

'  BO 

ABEF 

'  S4 

ABKL 

'  to 

CHEF 

'  TS 

GHlJ 

'  so 

GHKL 

i  St 

GMMN 

1  .  TO 

NOTE: 

ANALYSIS  Of  SL'OC  FLAMES  AT  HIGHER  LEVEL  3  INOCATE 
THAT  THE  CRITICAL  SUOE  PLANE  FOR  THIS  SECTION  WILL 
PASS  THROUGH  THE  LATER  Of  WEAThCREO  CaRLILE  SHALE 

^YM»9LS  BEDROCK.  THE  MOOlFlED  WEDGE  METNOO  OF  ANALYSIS  iS  USED 

W  EFFECTIVE  WEIGHT  OF  SLOCK  CONSIDERING  BOUTANCV 

C  COHESIYt  RESISTANCE  ALONG  SLIDING  SURFACE. 

F  RESULTANT  OF  FRICTIONAL  RESISTANCE  ANO  FORCE  NORMAL 

TO  SLIDE  PLANE 

Fw  NET  HORIZONTAL  THRUST  FROM  FORE  WATER  PRESSURE. 

1-2.2*)  INTERBLOCK  FORCES  ASSUMED  HORIZONTALLY. 


FORCE  DIAGRAM 
SLIDE  PLANE  GHKL 

NO  SCALE 


MIS  SOUR  l  RTVlR 

GAflNS  POINT  RESERVOIR 
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/  '  J 

J>  i*-* 

■  -  • 


'M 


A?  or'd  S  St'-iwgf 
"'so  *  o  73 

0  *  i(r* 


•f 


V  2 


Hoe«o.«_  stkws  •  ve«,r 

_tM8M«.MtNT  CKMDOVA  PCKVl0Oi  ZoN*. 


Fio-vjge  S 


.  J?»  5  !> 

r\ 

.5  ;  .  .  i 

-■-  .  . 


/  22*  r 

k>  .  > 


T 


|  "V  Sf'e.-iqtn  '7 

'  Tj  ■  *•  TJ.,  c 

i  *'  7  r 

1  C  •  J  fr£>  *  "if  J 


S..TKS- 


Notes 

i  '-S'  or>d  .^?  s+'-en^t-n  j;  t/soi*  *r>r  ‘■'’<7 r +"ji  '-l>o/ 

S+eody  Seg-fjoje  co%e 

Z  £>'  o<-».y  -S  s+r  en^ths  used  for  Sudden  >~o*\  down  cose 


THIS  #•»■>■<.  «*5  HOUCID  T® 

tmi(-E  l  BRTNS  TUI  QlltIML  SC»Lt. 


CONTRACT  NO. 
MDOtnOATIQN  NO. 


11.  U.  ANMY  CNOINCER  D1«T  «ICT.  OMAHA 

OORRR  OF  tNOINKCRR 


MlBSOWti 

Ci- ».v  ini  R»ni  Dh.m 
5'T»>0'v-'TH  T?c  -  tvkcyft.Tu 

AOOPTCO  StrCH(jtw$ 

FoR  ?fc-  tvAUuMiow 
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PIATE  K-V 


«h»t7  y>rr  <icca'>  ] 

Mktcftix. 

Ym 

7 

PuMftO  CV»AUK 

0  too 

0  uo 

COMfXCTCD  CHXUtt 

0  110 

O  122 

0.12.4 

0. 12® 

Au-ovujm 

O  124 

O  128 

woTkCsteo 

5«xi-e 

O  1)8 

O  130 

PCT\  too% 

O  120 

Olio 

n  t^>*  ^ 


Cohuvon  (mO 


o  tIO  0^^)  O  So  |  o  425  070 
O.ttJ  0.5%  |  O-So  I  O  42S  O  70 


On  compared  P,*i  £t  iif 


^  Compacted  cholk 

Imp  grvi  o  us  &l  on  ka  t 


0* 

jV"  3\ 


o  o  so 
o  o 


Ltc,  0*0 
VM  ■»  Weigh  t 

W»,  •»  Earthquake  Force 
c  %  Coh ,  (.length)/  knot  F$. 

£»  ’  Resultan*  force  of  active  wedge 
Egl  •  Resultant  force  of  neutral  block 
£?  ’  Resu  /tan  t  force  of  pass  >  re  *jedqr 
&E  *  &  £a  *  £**  t  f  e 
d  -  Angle  of  in  terna '  friction 

<tD  •  Developed  angle  of  internal  friction 


Water  force*  based  on 
follow  in  j  £><og  ram 


/ 

L - — &L9& 


-®KS~4  -A 


!to  100  do  Coo 


2C  O  20 

&41ANC.« 


$uewax>e  Vg«Tic*>L.  strict  BocimQacv 


wt  ■»  <*2)  (0.700)  *  (2$i)Co.l/o)  t  Ci5)(.o  m)t  44.4*  \ 
Wh  .  44  4K  *  0.10  *4  4*  — 

<V«»  CO(r 2  4)  (  H/l)  ~  31*/ 

0,L-U»»?  3.IZ*  ~ 


wt  =  (U)  (0.100)  4  (244)  . 0.1/0 )  +(51.S)<  O  iZZ) 

*■  <.  240K  i>  124)  t  <2oo)t  0-123)  --  ‘0Z.4*  * 


Wf  '  (420)*  '  /;*.'  f 

-  ,  JPJ\  * i2b'<  *  . 


Wh  «  102  4*  x  OJO  ■  10.24*-— 

U4<  =  (O.OZt_d  kl>)  t\  *  v  <7.0?  J 3  l(+*  / 

l,hl-u*K’  J-12*  -  15.4 *  =  /2C*«*  — 


»  2-44  8  *  •»  o  »c 
^.0:  ;  i_4o^__L3P)  3 
l5»*-42 


7T?/av  A*S  Tqm  4a 

loo  0  So  2X.C** 

l  25  0.40  2t-6“ 

Mo  0  335  18  4* 


.  f.V  TX**  4d 


rx*  do  sip 
o-oo  3».o' 

o  48  2Sl»* 

o.4o  21-8* 


Tr**.*.  P'S  Tx*  do  Cp 

lo  o  47  2 2.6*  13  8 

125  olV*  i®fc*  0  C 

t-5o  0  28  154.*  •?  2 


Active  yjgPOt  A-B  <V^ 

Jt*u  t  (MCW>  IO  »UA* 


Acuvfc  Vggooe 
SC/V^S  7  INCH  •  • 


Wt  *  CS*z)(o  no)  0  (100X0  /2C)4  (240 5) ( 0  128)  t  0 477) ( O./30) ?  502*  V 
Wh  •  5UZ K  t  O./O  ?  5U1*  ~- 
Up. o'  (  ?A°*  2*’)  74  5  *  M/  2«  ♦ 


H/f  «  C  37.5  )  (O  lio)  *■  (  7I7)(0  124)  f 

(22.5X0. 136)  *  34.D3*  V 


Horizontal  /Water  Force 

(/„.  -  </„.  »  47  42*-  421 1*  -  7.21*  — 


M/h  34.81*  *  O  /o  *  3.48* 

-  (12L^!3*)  *»  *  '9  /*  X 

Horizontal  Water  Force  *  IZ73*  ~~ 


W*'  (  24)(J>  HO)  r(L355)(O  I24)  -  84  K  t 

--  84*  X  0  /C  *  8  -4  *  -* 
t^-7  '  ^/  t3)  =  44  2*  X 

Horizontal  Water  Force  •  30* 


Active  Wcpoe 

2oo  ,  X 


TW»«a  F5  C,  Taj*  ^ 

»-o  0  0. 4o 

MS  O  o  17 

1  W  O  0.11*7 


t-r-Cr  '  C®  *  Cw-o)  Tktt  <^p  -  Um 

*  O  ♦  C«**7-  1st  7)  0  40-  7.21  *  |4t.t* 

*  O  ♦  C5V7- ts».7)0-lt-  7  tt  -  ni  4S“ 
»  O  v  CSC7  -\4\x)0  7lal-l.t\^  IV %K 


CtNTKAC  BwgfX  F-O- 


TRiA*-  rs  Txn  do  to 
l.o  O  40  21-8* 

V7S  O-  57  17-7* 

Mo  0-2U7  14-S* 


TBiA\.  F.V  Tx*4  to  <d*> 
Its  0  5  4  2*.  4* 

l  25  O  4SX  254* 

I  So  O.  ju  14  «• 


Pa>»%iV«.  Wcxx^-fc  C-H  C5^ 
at***.:  I  MCM  *  to  HiXi 


Px'SSlVT  »JCPC*S  H-\  (.5^ 

7  1  mo* »  to  tun 


id— Ai 
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TABLE  I  -  SUMMARY  OF  RELIEF  WELL  SPACING  &  DISCHARGE  COMPUTATIONS 


Locations 


Station 
27+00  to 
41+00 

Station 
41+00  to 
51+00 

Station 
51+00  to 
73+00 

Station 
73+00  to 
91+00 

Av.  Disch.  Elev. 

1184 

1174 

1177 

1169 

Av.  Bedrock  Elev. 

1110 

1050 

1045 

1110 

Av.  Bottom  Well  Elev. 

1110 

1075 

1075 

1110 

Total  Head,  H 

38.3 

48.3 

45.3 

53.3 

Thickness  of  downstream 
blanket 

12.0 

5.0 

5.0 

5.0 

Allowable  Uplift  =  0.84  \ 

10.1 

4.2 

4.2 

4.2 

Thickness  of  SubstratunuD 
Transformed,  Dl 

62 

119 

127 

53 

- 

238 

254 

Depth  of  Well, 

Full  Pene 

•  94 

97 

Full  Pene 

Transformed,  £l 

•• 

188 

194 

- 

Upstream  Head  Loss  h^ 

30.1 

44.2 

41.5 

49.8 

Upstream  Gradient,  Su 

.0310 

.0456 

.0428 

.0514 

Downstream  Gradient,  S,j 

.0109 

.0102 

.0095 

.0087 

Net  Gradient,  S 

.0201 

.0354 

•0333 

.0427 

Mean  Potential,  Pa 

8.11 

4*05 

3.88 

3.61 

Midpoint  Potential  Pm 

9.22 

4.33 

4.21 

4.27 

Computed  Well  Spacing 

*500+ 

140 

140 

140 

Est.  disch.  per  well  in  cfs 

0.62 

1.18 

1.18 

O.63 

Notes: 


1.  See  Plate  4  for  definition  of  symbols. 

2.  Upstream  Resistance  d  *  970  ft. 

3.  Downstream  Resistance  *1 

Sta.  26+40  to  Sta.  41+00  =  75 0  ft. 

Sta.  4l+00  to  Sta.  91+00  »  4CO  ft. 

4.  Radius  of  Relief  Well  =  0.5  ft. 

5.  Maximum  Pool  Elev.  =  1222.3  m.s.l. 

6«  *Spaoing  arbitrarily  reduced  to  250  feet. 

7.  Wells  arbitrarily  provided  at  100-foot  spacings  within  closure 
area  from  Sta.  91+00  to  Sta.  97+50. 
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-V 


TABLE  I  -  SUMMARY  OF  RELIEF  WELL  SPACING  &  DISCHARGE  COMPUTATIONS 


Locations 


Station 
27+00  to 
41+00 

Station 
4l+00  to 
51+00 

Station 
51+00  to 
73+00 

Station 
73+00  to 
91+00 

Av.  Dlsch.  Elev. 

1184 

1174 

1177 

II69 

Av.  Bedrock  Elev. 

1110 

1050 

1045 

1110 

Av.  Bottom  Well  Elev. 

1110 

1075 

1075 

1110 

Total  Head,  H 

38-3 

48.3 

45.3 

53-3 

Thickness  of  downstream 
blanket  Zj, 

12.0 

5-0 

5.0 

5-0 

Allowable  Uplift  =  0.84 

^  10.1 

4.2 

4.2 

4.2 

Thickness  of  Substratum. D  62 

Transformed, 

Depth  of  Well,  Pull  Pene 

119 

238 
•  9U 

127 

251+ 

97 

53 

Pull  Pene 

Transformed,  zj 

•• 

188 

19U 

- 

Upstream  Head  Loss  h^ 

30.1 

44.2 

41.5 

49.8 

Upstream  Gradient,  Sy 

.0310 

.0456 

.0428 

.0514 

Downstream  Gradient,  S^ 

.0109 

,0102 

.0095 

.0087 

Net  Gradient,  S 

.0201 

.035U 

•0333 

.0427 

Mean  Potential,  Pa 

8.11 

k*Q5 

3.88 

3.61 

Midpoint  Potential  Pm 

9.22 

h.  33 

/l21 

4.27 

Computed  Well  Spacing 

+500+ 

140 

140 

l4o 

Est.  disch.  per  well  in 

Notes : 

cfs  0.62 

1,18 

1,18 

0.63 

1.  See  Plate  4  for  definition  of  symbols. 

2.  Upstream  Resistance  d  »  970  ft. 

3.  Downstream  Resistance  ^1 

Sta.  26+40  to  Sta.  4-1+00  =  750  ft. 

Sta.  41+00  to  Sta.  91+00  »  400  ft. 

4.  Radius  of  Relief  Well  =  0.5  ft. 

5.  Maximum  Pool  Elev.  *  1222.3  m.s.l. 

6*  ♦Spacing  arbitrarily  reduced  to  250  feet* 

7.  Wells  arbitrarily  provided  at  100-foot  spacings  within  closure 
area  from  Sta.  91+00  to  Sta.  97+50. 
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Elevation  in 


I 


typical  sec  now  illustrating  nomenclature 


JO' Mm 


Steel  cover  plate 

brlffe*  CM***/ fit 


Discharge  elevation  at 
approximately  original 
ground  surface  - 

Ongmgl  Ground  Surface  j  i 


Dawns// 


rr'"2- 


X 


Derm 


^4"D,a  CMfiDifcnaege  Pipe 


3= 


Ht%y 


~  Concrete  Date  Slat 
-Bituminous  Filler 
~ Compacted  Impervious  Dock  fill 


- Sand  Backfill 

~tm ID.  Wire  "rapped  wood 
stave  pipe  riser 


'  6 /aval  Pack  -  Min  Thickness  4  m 


" Wire  wrapped  slotted  mood  skew 
pipe  screen,  slats  vnde 


f  Bottom  Plug 

typical  well  details 

1 tMJt  4  MCM"I  TOOT 
of  9  ?  f  *  4 
U»U  i i —  1  J 


GENER> 

/  Xr- pooft  ( 

2  d  •  970  ft 

T  Xd  <■ 

4.  *f  -  0.002  f, 

6  Weight  of  so 
the  et/owoi 
ground  suci 

4.  See  paragr 

7  Design  mas 

9.  Assume  not 

f  Patio  of  tto 

foundation  > 
Ki.  In  the  case 

tranatbrme 


TYPICAL! 


P4 


P£SlftN_PftTA 


Peerage  gr 
Peerage  he 
Bottom  e/e 
Range  of  hn 
Ibtal  upstrt 
Total  heed , 
Depth  of  st 
Depth  of  iv 


Transform! 


WtLL  SPACINl 


Assume  »w 
trie/  end  e\ 
uplift 

ht  /(Assumed 

da  jt  (Assume! 

h/ 

■Sr 

Sd 

s 

*/* 

Pki/S 
Ptn 


The  comp 
ague/  to  ti 
wet l  speed 
\ 


U.  1  A AMT 


3MENCLATURE 


i uttnJ 


GENERAL  DESIGN  ASSUMPTIONS  1  DATA 

/  •  too  ft  ( See  paragraph  21 ) 

2.  d  •  920  ft. 

3.  X*  (  See  paragraph  JQ) 

4  Kf  •  0.002  rt/sec 

5  Weight  of  saturated  blanket  material  •  H3  /b/cu  ft. \  therefor* 
the  allowable  uplift  measured  in  feet  of  meter  above  the 
ground  surface  is  094  fora  factor  of  safety  of  t.O. 

4.  See  paragraph  f  for  assumed  thickness  of  downstream  blanket. 

X  Design  maximum  poof  ureter  surface  elevation  *  12223 

9.  Ussume  radius  of  wet t,  r^’O.fff. 

5  Ratio  of  horizontal  parmeabi/ty  to  vertical  permeability  of 
foundation  materia /  is  in  the  order  of  4  tot. 

KX  In  the  case  of  partial  penetrating  wefts  the  depths  are 
transfbrmed  in  accordance  with  fKflK*  * 


TYPICAL  WELL  SPACING  COMPUTATION 
STA.  31*00  TO  STA.  73  +  00 
PARTIAL  PENPW9H  WELLS 
DESIGN  DATA 

Average  ground  surface  elevation - H77 

Average  bedrock  elevation - 1045 

bottom  elevation  of  wells - 1073 

Range  of  tine  of  relief  wells - - 5170 

Tbtat  upstream  resistance ,  d - - 970 

Total  head,  h - 45.3 

Depth  of  substratum ,  p - - U7 

Depth  of  well,  Im - - - *7 

Transformed  depth  of  substratum,  D - 254 

Transformed  depth  of  well,  2* - 194 


WELL  SPACING  COMPUTATIONS 


Assume  weft  spmung'a and  mean  pressure  'ft  * 

Compute  by 

trial  end  error  midpoint  pressure  fa  which  is  r  a  i/owabie 

uplift. 

/(Assumed) 

1st  Trial 

intrrM 

ini  TnH 

4.0 

3.6 

J 14 

M  (Assumed) 

190 

190 

140 

hi 

4/J 

4i  y 

4lS 

So 

0496 

.0430 

.0499 

Sd 

.0100 

.0090 

0095 

S 

.0396 

.0340 

.0333 

His 

95  9 

93.  $ 

114.7 

a 

3.19 

3.96 

3.09 

*,/* 

104.4 

/**.* 

196.9 

*n 

3.41 

355 

421 

The  computed  midpoint  pressure  in  the  3rd  trie  t  is 
eguat  f  the  ottOermdte  uplift  pressure,  theretbre  a 
staff  spacing  at  HO  ft.  is  adeguate  for  this  area. 


NOMENCLATURE 

b  *  Thickness  of  relatively  impervious  downstream  blanket. 
D  •  Thickness  of  pervious  substratum. 

7m  •  Depth  of  relief  wells 
H  •  Total  head. 

Pa  •  Mean  uplift  pressure  over  plane  of  wot  Is. 

%n  *  Surface  uplift  pressure  at  midpoint  between  wells, 
hi  *  N-Po  •  dean  total  headbss  from  source  to  line  of  wells, 
d  *  Tote!  effective  resistance  upstream  of  line  of  wells. 
lr  •  effective  resistance  upstream  of  axis  of  dam. 

I,  •  effective  resistance  downstream  fine  of  wells. 

Si* '  h/d  •  Mean  gradient  upstream  of  wells. 

V  *  %/M* 1  Mean  gradient  downstream  of  wells. 

5  *  Sy-Sv-Ret  gradient  producing  discharge  from  wells, 
a  •  dell  spacing. 

Kf*  don  sontai  permeability  of  pervious  substratum. 

Kr  *  Vertical  permeability  of  pervious  substratum. 

Qm  *  *f  t*  *3  5  Discharge  from  wed. 
r*  ‘  Radius  of  well . 


WELL  SPACING  FORMULAE 

1  Mean  pressure  formula 

%-fh  h  iH  *  “’Hi -)(£->) 

2  Mid  point  surface  pressure  formula ■ 

Ti fz*0"* 


Ai.  ID  lM 
S  l  VI.  " 


EWANKMENT  CRITERIAAND  PERFORMANCE  REPORT 


MHAIIi  C  •  1 


yiuouai  mv«* 

GAVINS  POINT  RESERVOIR 
PRESSURE  RELIEF  WELLS 
TYPICAL  WELL  SPACING 
COMPUTATIONS  ANO  DETAILS 


PLATE'S- 30 
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mini 


Effective  Resistance  Upstr-eym  of  A  ms  -  /  790  Ft.  (/6  5* arch  /97/) 

„  Effectiyc  RtsiS'Si-  ce  Opst-eam  cf  *?»  «  •  3$0  rt  i$  Sept  9<i 

^ffect've  Rests  force  Upstream  jf  f)t<$  •  950  ft  ( 2"  :'cv*  v.‘ 
ff'-cc  *  \e  Ges'S'on.v  L'pstmm  of  ft.'  ‘So^s'Rt^tc  r  Des-i*  •  Q?- 

UrSTRiPM 

A*  *2  A4  7  A4t 

.  IT 

Pool  Ei.  12063  (/6  Morch  t97/)d  pco!  IU707.4 (6  Sept  !2(.~  .  ,  1 
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Photo  No.  1  -  Aerial  view  of  Gavins  Point  Dam,  looking  north. 
Sept  1978- 


Plate  1 


Photo  No.  3  -  Upstream  slope  of  embankment,  looking  north.  May  1979. 


Photo  No.  4  -  Field  boulder  upstream  slope  protection.  May  1979. 


Plate  2 


Photo  No.  5  -  Embankment  downstream  slope,  toe  road,  and  down¬ 
stream  area.  May  1979. 


Photo  No.  6  -  View  of  downstream  area  showing  toe  road,  covers 
of  relief  well  No.  36,  piezometer  No.  12,  and  relief  well  No.  37, 
and  relief  well  discharge  ditches.  Oct  1972. 
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Plate  3 


Photo  No.  7  -  Aerial  view  of  dam  site  during  Earthwork,  Stage  I 
construction,  showing  dike  across  river  chute,  looking  south¬ 
east.  Sept  1952. 


Photo  No.  8  -  Aerial  view  of  spur  dike  closure  operations  of 
middle  river  chute.  Sept  1952. 


Photo  No.  10  -  Aerial  view  of  embankment  construction,  Earth 
work  Stage  1 1,  looking  north  towards  closure  area  and  left 
abutment.  Aug  1953. 


Photo  No.  11  -  High  altitude  aerial  photo  of  damsite  during 
Earthwork  Stage  II  construction.  Nov  1953. 


Photo  No.  12  -  View  of  construction  operations  looking  northwest. 
Aug  1953. 
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Photo  No.  13  -  Aerial  view  of  project,  looking  upstream  (west). 
Oct  1954. 


Photo  No.  14  -  Aerial  view  of  embankment  closure  area  at 
beginning  of  closure  operations.  29  Jun  1955. 


Plate  7 


Photo  No.  15  -  Closure  operations,  looking  south.  In  foreground 
is  3.5  C.  Y.  bucket  from  111-M  dragline.  Opposite  bank  shows 
191-M  dragline  with  8  C.  Y.  bucket  30  Jul  1955. 


Photo  No.  16  -  Closure  operations  being  witnessed  by  spectators 
at  10:30  p.  m. ,  30  Jul  1955,  about  6  hours  before  closure. 


Photo  No.  17  -  Closure  ceremony.  Pictured  from  left  are 
Gov.  V.  E.  Andersen  of  Nebraska,  Secretary  of  the  Army 
W .  M.  Brucker,  Chief  of  Engineers  Lt.  Gen.  S.  D.  Sturgis, 
and  Gov.  J.  Foss  of  South  Dakota.  31  Jul  1955. 
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Photo  No.  18  -  Aerial  view  of  closure  section,  approximately 
6  hours  after  initial  closure  was  made  at  about  4:00  a.  m. , 

31  Jul  1955. 
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Photo  No.  19  -  Placement  of  impervious  blanket  in  closure  section, 
looking  south.  5  Aug  19 55. 


Photo  No.  20  -  Placement  of  impervious  blanket  in  closure  section, 
looking  southwest.  5  Aug  1955. 


Plate  10 


Photo  No.  21  -  Aerial  view  of  south  abutment  area,  showing 
powerhouse  and  spillway  structures,  the  south  portion  of 
embankment,  and  the  diversion  channel.  Aug  1955  (est. ) 


Photo  No.  22  -  View  of  the  spillway,  discharge  channel  and  embank¬ 


ment.  Concrete  batch  plant  and  contractor's  work  area  shown 


downstream  of  the  embankment.  Aug  1955. 
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Photo  No.  23  -  Aerial  view  of  the  relief  well  discharge  ditches  in 
embankment  closure  area,  looking  south.  8  May  1957. 


Photo  No.  24  -  Aerial  view  showing  relief  well  discharge  and 
collector  ditches.  Discharge  ditch  for  relief  well  No.  19  is 
pictured  in  extreme  right  of  photo.  8  May  1957. 


Photo  No.  25  -  Wave  erosion  scarp  along  embankment  upstream 
chalk  berm.  Oct  1966. 


Photo  No.  26  -  Reservoir  ice  thrust  against  riprap  along  embank 
msnt  upstream  berm.  Mar  1976. 
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